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1.Background EQuegiao -~ r

A Queqgiao Alunarrelaysatellite

A Maintask / 2 YYdzy A OF G A2y &0 #iunaglahdebretdfaisideSof theK | y 3 Q
Moon (launched at the end of 2018)

A LaunchTime May21st, 2018

A Orbit Halo orbit rounds L2 poinith radiusof 15,000km

A Distancefrom the Earth ~ 450,000km

A Distance from the landing point#80,000km

[Wang and LiuvActa Astronaut., 2016] 3
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1.Background Elaser ranging -to Quegiao -~

Ourobjectives

A Realizdaserrangingto the hollow cornercuberetro-reflector (CCRgarriedon
Quegiaowith meter-levelprecision

A Verifythe long-distancelaserrangingtechnologyand preparethe manufacture
technology of CCR uséal the new generationof lunarlaserranging (LLR)
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Error budget of APOLLO

APOLLO RANDOM ERROR BUDGET PER PHOTON.

/error

rms Error  rms Error

Error Source (ps) (mm)
APD illumination ............ 60 9
APD intrinsic ................. <50 <7.5
Laserpulse ................... 45 7
Timing electronics ........... 20 3
GPSclock .................... 7 1
Total APOLLO ... 03 14

I Retroreflector array__.......... 100-300 1545 |

Total random uncertainty ..... 136-314 2047

Current CCR arrays lintite

rangingprecisionto several

Largest

centimeter

New lunar CCR

A INFNASIUMD 100-mm solid

A NASA 40-mm hollow

A GermanyGFZ: 208nm hollow

A NationalAstronomicalObservatoryof Japa

200-mm hollow
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2.Mission design -
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Task of mission — A
. \
A Lunarlaserranging to lunar CCR arrays (384,000km)
L= i
A Satellitelaser ranging t@Queqiaoprobe (450,000km) 2 G

What we do?

A Manufacture170-mm hollow CCRiith the similar intensity of return signal @pollo 11on

the Moon

A Upgrade the ranging system basaal1.2-m telescope akunming(Yunnan Observatory).

Ranging precisior1lm(width of laser pulse: 10ns)

A Constructa newrangingsystembased on 1.2n telescope aZhuhai(SYSU). Ranging

precision:<2cm(width of laser pulse: ~80ps 6



2 Mission design -Schedule
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Scheduleof rangingexperiment

A Lunarlaserranging
2017-10 to 201804
A Firstphaseof laserrangingto Quegiao
20nights; 201903to 201904
A Secondphaseof laserrangingto Quegiao(possible)

20nights;201911to 202004
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2.Mission design -CCR angle error:

Angleerror (arcsec) Return signal (%) FFDP with three anglerrors2 ¥ n ®dc €

0.1 28.7
0.2 62.2 _ dihedral angles 0.6 second
0.3 87.0 '
0.4 85.8
0.5 62.0 R
0.6 33.1 £
0.7 13.1
0.8 4.9

Apollollor14 100 =Tt

Apollo15 300 s el ¥ AR RS S

U Return signal: Averaged intensity within thelocity aberration area (3-Burad)
U Normalized to ideafpollo 11 CCR array

U Three angle errors 0.6 arcsec determine a divergence angle of 2 arcsec 8



3.Corner cube retro -reflector - -

NEE Actual Value

Aperture 170mm
Mass 1.4kg
ollow CCR Dihedralangle 0.1 0.3 0.4arcsec
Divergence angle <l.3arcsec
Material CorningULE7972
coating Protectedsilver
Mass 3.0kg
Total payload Totalsize U HO PXL¥Omm
Lifetime 5years




3.Corner cube retro -reflector .

A The first generation of our hollow CCR
[He et al., Res. AstroAstrophys, 2018]

Angle 1 Angle2 Angle3

Master CCR 0.27 0.31 0.39

Hollow CCR (before) 0.5 0.8 1.9

0.38 (1.17) 1.98
0.42 (1.30) 1.99

Hollow Six (0.14) 0.92 2.22
CCR Measurements (0.26) 1.11 2.04
(after) 0.43 0.90 (2.59)

0.32 1.09 (2.16)
Average 0.39 1.00 2.06

G 2 3 4 !

U Preliminarythermaltest:
b n3n +753

(c) Silicate bonding - (d) Separation

10



3.Corner cube retro -reflector .

A The second generation of our hollow CCR

[He et al., Chin. Phys. B, 2018]

(a) calibration (b) adjustment

A=

a

@ A+A8

autocolimator

M1 § w3

solid CCR n

hollow CCR M2

fused silicon

block

ULE mirror

surface C
surface C
ZYGO

block measurement

sfuse dilicon
block lr_ :

surface A  surface D

Polishof Mirror 2 and3

% "

surface A surface D

Error analysis 11
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3.Corner cube retro -reflector -simulation

Angle Error 0,10 | sec

U Dihedralangleoffset 0.1, 0.3, 0.4rcsec
U Relativereturnintensity  82.8%of initial Apollo11

12



3.Corner cube retro -reflector - -
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3.Corner cube retro -reflector - test r

Vibration Vacuumthermal Shocking Acceleration
(-50 to +50C)

14



